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Abstract 
This paper assesses the mechanical stability and dehydration behaviour of a new composite material 
constituted by magnesium sulphate hepta-hydrate, used as filler at vary contents, and a porous 
silicone, used as matrix in order to evaluate its applicability in sorption thermal energy storage field. 
This new composite was developed to avoid the typical issues of salt hydrates such as swelling, 
agglomeration and corrosion issues occurring during hydration/dehydration process.  
A preliminary physical-mechanical characterization, by means of morphological and calorimetric 
analysis, was carried out to investigate the main properties of the composite foams. The 
morphological characterization showed that the foam pores were homogenously distributed and well 
interconnected to each other. Thermo-gravimetric dehydration tests, have demonstrated that the tested 
samples are able to exchange efficiently water.  
Static compression tests evidenced a high compression stability of the material, indicating a high 
flexibility of the cellular silicone structure. Furthermore, cyclic compression test was performed to 
evaluate the progressive loss of salt at increasing number of the cycles. After 50 cycles, a reduction 
of salt hydrate up to 13% was observed. This behaviour, that is potentially a critical factor in these 
composite structures, was studied for showing that the loss of the salt does not compromise 
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considerably the sorption storage performance of the filled silicone foams. Eventually, the assessment 
of thermo-gravimetric characteristics and mechanical stability was performed on the MgSO4ꞏ7H2O 




The use of renewable energy sources (RES), e.g. solar energy, as well as heat losses from engines 
and industrial waste heat represents an essential opportunity to reduce the impact of the traditional 
fossil sources. RES are clean, worldwide available, and inexhaustible. However, the full exploitation 
of RES potential requires the presence of a thermal energy storage (TES) system, in order to decouple 
the availability of the heat source from the user demands [1]. The technologies for TES include 
sensible storage [2], latent storage [3], and thermochemical storage, either with thermophysical 
reactions or chemical reactions [4]. Among them, thermochemical energy storage (TCS) represents a 
promising alternative, thanks to the high energy density, virtually zero energy losses, and the vast 
range of materials available for tailoring the storage to the application [5,6]. Indeed, several classes 
of thermochemical energy storage materials (TCMs), such as zeolites [7,8], zeotypes [9], and salt 
hydrates [10–12], have been investigated. A complete review of studies on materials for sorption 
storage applications can be found in [13,14]. A clear outcome of the vast majority of studies in 
literature is the outstanding energy density of reversible reactions involving salts, such as 
hy/dehydration reactions. Indeed, their theoretical storage capacity in the range of temperatures under 
100°C can reach 3 GJ/m3[10]. Nonetheless, their practical application still needs research efforts, 
because different problems arise when these materials are used in a storage system. Among them, 
agglomeration and swelling phenomena, that limit the vapour diffusion and induce degradation after 
cycling [15] are the most critical. At the same time, low thermal conductivity of the materials also 
represents a serious drawback in the use of salt hydrates in a storage system. In order to prevent such 
an issue, dispersion of the salt in a matrix has been proposed in literature. Among the available 
matrices, expanded graphite and porous adsorbent materials (zeolite, silica gels and activated 
carbons) have been studied [16], as well as carbon-based foams [17,18]. Hongois et al. [19] and 
Whiting et al. [20] used different type of zeolites for the wet impregnation of  MgSO4 salt into the 
ceramic container. Analogously, Posern et al. [21] used attapulgite powders as matrices for the 
impregnation on a mixture of MgSO4 and MgCl2. Jabbari-Hichri et al. [22] studied CaCl2 with three 
different matrices: silica gel, alumina, and bentonite showing that the best performance in terms of 
stored/released heat and water sorption capacity was obtained with the silica gel impregnated 
composite. More recently, Xu et al. [23] studied the hydration behaviour of MgSO4 embedded into 
zeolites for open sorption heat storage in a prototype storage. The results showed that the prepared 
zeolite-MgSO4 composites had larger hydration ability than pure zeolites, and zeolite 13X-MgSO4 
showed the best performance. Up to five discharges were realised, without noticing any performance 
loss, thus concluding that the cyclability of the material can be, in a first approximation, considered 
satisfactory. Xu et al. [24] evaluated the application for the heat storage of MgSO4-13 X zeolite and 
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MgSO4-activated alumina composites through TGA-DSC. The results showed that the impregnated 
MgSO4 improves the overall TES performances of both 13X zeolite  and activated alumina, with 13X 
zeolite  based composites preferable for open sorption storage applications, and activated alumina 
ones for closed sorption. Mehrabadi and Farid [25] evaluated the energy density and dehydration 
behaviour of five different salts; Al2(SO4)3ꞏ18H2O, MgSO4ꞏ7H2O, CaCl2ꞏ6H2O, MgCl2ꞏ6H2O, and 
SrCl2ꞏ6H2O using two porous matrices, expanded clay and pumice. The results showed that 
SrCl2ꞏ6H2O has the highest energy density and lowest dehydration temperature. Up to 29 kWh/m3 
and 7.3 kWh/m3 energy can be stored using expanded clay-SrCl2 (40 wt.%) and pumice-SrCl2 
(14 wt.%), respectively. However, cyclability behaviour was poor, since after less than 10 cycles the 
performance dropped sharply.  
It is then possible to conclude that, generally, composites present enhanced properties with respect to 
the pure salts, in terms of thermo-physical properties and kinetic ones, allowing also to increase the 
performance at reactor level [26]. However, the major limit of the investigated matrices is their rigid 
structure, which may suffer of long-term stability issues, due to the forces induced by the salt solution 
expansion during the hydration phase. Furthermore, the salt is usually confined into open pores, which 
are not able to keep the solution in case of oversaturation, causing a degradation of the composite 
itself [24]. In this regard, polymeric foams can overcome most of the reported issues, since they 
present a flexible structure, allowing for the safe volume expansion during the hydration phase. 
Furthermore, some polymeric foams are permeable towards water vapour, allowing the vapour 
reacting also with salt confined inside closed porosity [27].  
In such a context, recently, this innovative concept was proposed for thermal energy storage 
applications by Brancato et al. [28], employing a composite MgSO4 filled silicone macro-porous 
foam. The elasticity and flexibility of this foam [29], allowing the expansion of the salt hydrate 
volume during its hydration process, are able to enhance the mechanical stability of the composite 
material,. Furthermore, the chosen matrix has an effective water vapour permeability, thus 
guaranteeing suitable hydration/dehydration reaction phenomena in the MgSO4 hosted salt. The 
preliminary thermo-physical and structural characterisations confirmed the reliability of the proposed 
solution [30]. 
The present work further develops the proposed concepts, by analysing the mechanical properties and 
dehydration performance of the MgSO4ꞏ7H2O – silicone foam composites. The analysis of the 
mechanical stability seems to be highly necessary due to the salt loss observed in [28]. Indeed, the 
loss of the hydrated salt could strongly compromise the thermochemical performances of the 
composite foams, and thus their storage capacity. With the aim to verify the mechanical stability of 
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the composites, static and cyclic compressive tests were carried out, showing that the loss of the salt 
does not compromise considerably the sorption storage performance of the filled silicone foams. 
2. Materials and methods 
The polymeric foams, based on a mixture of poly(methylhydrosiloxane) and a silanol terminated 
polydimethylsiloxane filled with different percentages of the salt hydrate, were obtained following 
the procedure shown in [30]. In particular, a mixture constituted by poly(methylhydrosiloxane) 
(CH3(H)SiO)n (PMHS) as monomer and a silanol terminated polydimethylsiloxane (PDMS) as 
hardner with bis(2-ethylhexanoate)tin as catalyst (all supplied by Gelest Inc., Morrisville, USA) was 
employed. The selected silicones were chosen as matrix in the composite foam  thanks to their high 
water vapour permeability. Therefore, the polymeric matrix does not affect the water vapour 
diffusion, insuring the hydration/dehydration phenomena during the real operating conditions. 
The MgSO4ꞏ7H2O salt hydrated was dispersed, under vigorous mixing, in different percentages 
(ranging from 40-70 wt.%) in the siloxane matrix up to reach a homogeneous slurry. Then the foaming 
process was performed placing the slurry in a cylindrical mould under controlled temperature (60°C 
for 24 h). In Figure 1, the procedure for the salt-silicone foam samples preparation is reported.  
 
Figure 1: Scheme of the preparation steps of the salt-silicone foams 
The reaction between the hydroxyl and hydride functional groups of PDMS and PMHS respectively, 
forms a siloxane Si-O-Si bridge that progressively led to a tri-dimensional rubber-like silicone 
network. Gaseous volatile hydrogen is also obtained as reaction product and acts as foaming agent. 
As indicated from the authors, the chosen polymeric matrix present high permeability to the water 
vapour, in order not to hinder the water vapour diffusion during the working procedure [31] [32]. The 
obtained foam samples are codified as “F_Mg” plus a number that indicates the amount of the salt 
added to the polymer host (e.g. F_Mg40 designates the foam filled with 40 wt.% MgSO4ꞏ7H2O). In 





Figure 2: Prepared composite foam samples with different MgSO4ꞏ7H2O content from 40 wt.% to 70 
wt.% 
 
The polymeric composite foams were characterized by means of thermo-gravimetric analysis (TGA) 
performed by an adapted instrument, Labsys Evo manufactured by SETARAM [33]. The 
measurements were performed according to the following procedure: few milligrams of sample were 
weighed by a microbalance and placed inside the measurement apparatus. The degassing was 
performed at room temperature and up to a pressure of 1*10-3 mbar. The water vapour, produced by 
an evaporator at a temperature of 20 °C, was then admitted into the measuring chamber in order to 
create an environment saturated by water vapour at 23.4 mbar pressure. A heating ramp of 5 ºC/min 
from room temperature up to 150°C was performed to evaluate the evolution of the dehydration 
process of the foams, using test conditions mimicking the working ones. 
Morphological analyses of the cross section of foams were obtained at 50x magnification using a 3D 
optical digital microscope (Hirox HK-8700).  
Compression tests were performed on prismatic shaped samples, with dimension 10x10x10 mm3, cut 
out from the moulded cylinder foams. Parallelism of top and bottom surfaces was checked by using 
a 3D optical digital microscope. Specimens with parallelism tolerance higher than 3° were discarded. 
Static compression tests were performed by using a universal testing machine (2.5kN Zwick Line) 
equipped with a 2.5 kN load–cell. Crosshead speed was 1.0 mm/min. Three replicas for each batch 
were carried out. 
 
 
3. Results and Discussion 
3.1 Morphological analysis 
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The cross-section images at 50x magnification, obtained by a 3D optical microscope, are shown in 
Figure 3. For the sake of clarity, the photos are taken for samples F_Mg40 and F_Mg60. Both the 
images are captured along the foaming direction, in order to evaluate how the salt content modifies 
the foaming process.  
 
Figure 3: 3D optical images of sample: F_Mg40 and F_Mg60 
Both samples show a mixed open/closed cell structure, whit bubbles homogenously distributed and 
well interconnected to each other. It is possible to see that higher amount of salt hydrate (60 wt.%) 
slightly reduces the foamability of the polymeric materials and the proper inclusion of salt grains 
within the matrix. Actually, the magnification of the pore structure demonstrates that salt grains are 
deeply confined inside the polymeric foam in the sample F_Mg40, while in the sample F_Mg60 there 
are numerous grains on the surface. Indeed, differently from what was observed for the composites 
produced with the same matrix and zeolite [31], the use of salt hydrate does not lead to the formation 
of chemical bonds; the salt is only confined and mechanically constrained inside the porous structure. 
By evaluating a detail of the cross-section images, the composite morphology and cell microstructure 
can be better analysed. The cell structure is well defined and interconnected. During the foaming 
stage, the bubbles interact and coalesce generating macro- and micro-channels thus offering a very 
wide and tree-dimensional contiguous paths network.  
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For large salt hydrate content in the foam, the bubble coalescence phenomenon is slightly hindered. 
If a high amount of salt hydrate is added in the foam, a significant increase on the viscosity value of 
the salt-matrix composite slurry can be observed. This reduces the chemical and physical foaming 
process and subsequently limits the bubbles coalescence during the foaming phase [34]. 
Consequently, small size bubbles were obtained. Despite this, the foam is still porous and 
characterized by a well-shaped cell structure. A tree-dimensional network of contiguous paths for 
vapour diffusion can be observed both for low and high salt content foam.  
In any case, the presence of a homogenous porous structure in the cross section, evidenced also with 
the other salt percentages [30], permits an efficient water vapour exchange between the inner and the 
external part of the foams.  
Scanning Electron Microscopy (SEM) analysis was carried out to better highlight salt distribution in 
the silicone foam. Figure 4 shows the micrograph of F_Mg40 sample. In the picture punctual EDS 
results on pure silicone matrix (P1 point) and salt filler (P2 point) are also reported.  
 
Figure 4: Micrograph and EDS spectra of F_Mg40 sample 
 
The composite foam microstructure is constituted by salt hydrate grains well embedded in the silicone 
matrix. Although no chemical interaction between salt and matrix occurred, the salt hydrate is 
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effectively mixed and adherent to the silicone foamed binder. The cross section of the cell wall is 
homogenous without evident defects or cracks. Few voids can be evidenced in the bulk, probably 
ascribed to physical or chemical foaming phenomena in the foam [31]. Furthermore, thanks to the 
high filmogeneity of the polymer matrix sometimes the salt hydrate grains are entirely encapsulated 
in the structure reducing the risk of their removal during hydrothermal cycling or during handling. 
This is confirmed by EDS spectra, where the characteristic silicone peaks are still present on the grain 
of salt hydrate spectrum (EDS Spectrum of P2 point).  
3.2 Dehydration analysis 
Thermo-gravimetric dehydration analyses under water vapour pressure of 23.4 mbar were carried out 
in order to evaluate the dehydration evolution of the synthetized composites foam-salt at increasing 
temperature. The results of the tests are shown in Figure 5. Prior to the evaluation of composites, the 
basic components (i.e. salt hydrate and silicone foam) were tested separately in order to evaluate their 
behaviour. In accordance with the literature results reported in [35][36], the pure MgSO4 salt, tested 
as reference, lost six molecules of water that corresponds to a mass loss of about 45% at 150°C. 
Instead, the unfilled foam, not reported in figure, evidenced a negligible weight loss in the range of 
30-150°C. Therefore, considering the inert action offered by PDMS matrix, weight loss trend 
observed for all composite silicone foam can be ascribed to dehydration process of magnesium 
hydrate salt filler. 
 
Figure 5: Thermo-gravimetric dehydration curves: (a) weight loss, dm/m0; (b) first derivate of the 
weight loss, DTG 
Thermo-gravimetric dehydration results for the composite, shown in Figure 5a, highlight that the 
maximum percentage of dehydration at 150°C is obtained increasing the salt content within the 
matrix. Indeed, F_Mg70 foam shows a maximum reduction equal to 25.31%. This indicates that the 
salt inside the foam is able to effectively exchange water molecules during the dehydration process. 
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This result confirms that the matrix does not obstruct the evaporation process, thanks to its high 
permeability to the water vapour. Therefore, based on common weight loss evolution, the dehydration 
phenomena of the pure salt and the F_Mg70 foam could be considered qualitatively compatible. 
Similarly, the F_Mg40 foam shows a weight loss percentage of 14.92%, essentially due to the lower 
salt content in this batch.  
Both for high and low salt content, it is important to point out that the weight loss occurs in two 
different steps, the first one at about 40-45°C and the second at 90°C. The first weight loss is less 
significant because it is associated to the evaporation of a few water molecules, whereas the second 
step is the most important because it is related to the loss of the majority of the water molecules. 
In addition, Figure 5a reveals that the weight loss is not proportional to the salt content inside the 
matrix. Probably, this trend could be justified considering that a localised loss of salt hydrate filler 
takes place during the handling of the composite samples. Actually, F_Mg70 and F_Mg40 showed 
an effective dehydration performance compatible to their filler content, otherwise F_Mg70 exhibits a 
lower weight loss (25.31%) with respect to F_Mg40 (14.92%). Indeed, the theoretical values should 
be 31.5% for F_Mg70 and 18% for F_Mg40. This behaviour could be explained considering that the 
lower is the salt content, the better is the embedding process inside the matrix, while high amounts of 
salt do not guarantee such a stable integration of the filler inside the matrix. 
By analysing, the trend of the DTG curves (Figure 5b), all composite foams show two peaks of the 
first derivative that can be related to two distinct weight loss transitions (as described above). Peak 1 
takes place at lower temperatures (40-45°C range) where a small mass reduction can be identified, 
while peak 2 appears at higher temperature, close to 90°C. Anyway, it seems that the first peak 
becomes significant at lower salt content within the foams. The foams with the high salt content do 
not clearly show this transition. This could be attributed to the bigger barrier action offered by the 
silicone matrix on F_Mg40 and F_Mg50 samples. This could generate the request of higher energy 
contribution to favour the removal of the first molecule of water. 
In addition, the main peak of foams at lower salt content is shifted towards lower temperatures with 
respect to the peak of foams with higher salt amounts. This trend is not confirmed in F_Mg70 sample, 
where a wide and depressed peak is observed. Instead, for this sample a clearly evident secondary 
peak at about 60°C takes place. A similar consideration can be observed for F_Mg60 sample. This 
different sensitivity to dehydration process in this range of temperature for composite foams at high 
salt hydrate content is still not clear. Considering the minimum (40 wt.%) and the maximum salt 
content (70 wt.%), a plausible explanation of this phenomenon could be that the thickness of silicone 
foam, in the F_Mg40 is higher in comparison to the thickness of silicone foam in F_Mg70. Therefore, 
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the grains of the salt are deeper embedded in the matrix inducing a modification on the dehydration 
process. However, thanks to the interconnected macroporous structure, the composite silicone foam 
allows an efficient flow of water molecules from the inside to the outside during the dehydration 
phase. Consequently, the cells interconnection and microstructure of the foam represent a relevant 
factor to better understand the phenomena that oversee the hydration and dehydration processes of 
the functional filler located inside the foam. In this context, the digital optical microscopy technique 
was chosen as a valid support to investigate the foam morphology, where a tridimensional network 
of contiguous paths for vapour diffusion were observed both for low and high salt content foam. 
These preferential paths could play a fundamental role in the water vapour flow during the salt 
hydration/dehydration phase, making this material, an effective system for sorption thermal energy 
storage application.   
A scheme of a possible water vapour diffusion mechanism that could take place in the composite 
foams was proposed according to the experimental characterisation outcomes. Indeed, the knowledge 
of this aspect is extremely important in order to predict the behaviour of a real thermochemical storage 
system, considering that the water vapour diffusion inside the matrix affects also its stability.   
Figure 6 schematically depicts the vapour diffusion inside the foam. The cellular structure of the foam 
is mainly characterised by large bubbles interconnected (point A in Figure 6 left) that represents a 
preferential path for vapour way. Moreover, in consideration of the low thickness of the cell walls, 
also neighbouring bubbles can effectively contribute to a rapid vapour flow (point B Figure 6, left). 
In this area, the salt hydrate embedded in the silicon matrix can easily interact with the vapour phase, 
undergoing hydration/dehydration phases. Not all of the salt hydrate is able to provide a rapid 
hydration/dehydration process. The crystals of salt, shielded by thick matrix layer, could be inactive 
(point C in Figure 6, left). The salt hydration/dehydration can be also allowed by secondary flow lines 
(point D in Figure 6 left) induced by salt hydrate domains just in proximity of bubble border. 
Therefore, based on Figure 6 right, the scheme of possible vapour flow pathways can be summed up 
as follows: the salt hydrated can be considered as a vapour sink and red arrows are the vapour flow 
paths. The vapour flow takes place mainly by bubbles interconnected paths in the foam and partially 




Figure 6: Water vapour diffusion schema inside the foam (left and right) 
 
3.3 Compression test 
The choice of the PDMS matrix also plays an important role for guaranteeing the mechanical stability 
of the composite under hydration/dehydration cycles.  
Indeed, when the salt dehydrates, a volume reduction proportional to the number of the lost water 
molecules occurs. Consequently, as shown in Figure 7, at the matrix/filler interface, tensile or 
compression radial stresses take place, depending on dehydration or hydration phenomenon, 
respectively. A flexible matrix, if compared to a brittle one, allows greater local deformation, 
favouring an easier relaxation of internal forces and thus reducing the risk of damage and the loss of 
efficiency. In order to evaluate the deformation capabilities of foamed structure some static 
compression tests were carried out by using a universal testing machine. 
 
 
Figure 7: Scheme of internal stresses induced by volume reduction of salt dehydration compression 




Figure 8 reports the results for the compression test on F_Mg40 reference sample. Three different 
regimes can be identified: an initial elastic regime, followed by a very large plateau that corresponds 
to the bubbles collapse. This occurs at a low stress level (about 5-20 Pa) indicating a soft mechanical 
behaviour of the foam. This stage is full reversible thanks to the elastic behaviour of the foam. If the 
load is released the sample recovery its initial shape, without evidence of residual strain. At about 
75% of strain, transition densification regime occurs, which corresponds to a significant deformation. 
The results confirm the high flexibility of the silicone porous structure, which is able to bear 
reversibly high-localized deformations.  
 
 
Figure 8: Stress-strain compression curve for F_Mg40 silicone foam 
Figure 9 compares the compression curve for all composite foams. A progressive increase in strength 
and stiffness can be highlighted at increasing MgSO4 salt hydrate content in the composite. Indeed, 
the observed mechanical behaviour up to a salt content of 50 wt.% is similar. Instead, above this 
threshold a slight modification of the stress-strain relationship can be evidenced: the stress in the 
elastic regime and densification regime increases. This indicates that that the composite foams at high 
salt content are characterised by a higher elastic modulus and stiffness and enhanced mechanical 
strength. However, the strain at which transition from collapse to densification regime is quite similar 
for all the samples (almost near to strain 75%). These results indicate that all composite foams have 






Figure 9: Stress-strain compression curve at increasing filler content for composite silicone 
foam 
With the aim of verifying the reliability of the dehydration performance, thermo-gravimetric analysis 
was carried out on the salt filled composite foam after a mechanical cyclic aging up to 50 cycles, 
considering a threshold strain value for each cycle of 50%. The mechanical stability of the foam is 
required in order  that the foam is able to suffer the internal stresses induced by the hydration and 
dehydration cycles. The foam has an elastic behaviour with a high flexibility, and this makes it 
potentially suitable for TES applications. Although, coupled to mechanical stability it is important to 
evidence the effective stability of the salt in the siloxane matrix, during aging cycles. In Figure 10, 
the comparison of weight loss in dehydration process for un-aged and mechanically aged F_Mg60, 
as reference, is reported. The weight loss becomes progressively lower for aged sample, indicating 
that the salt contribute on the dehydration capability of the foam is less effective. In particular, at 
150°C a reduction of about 19 wt.% can be highlighted. This behaviour can be ascribed to a loss of 
salt filler during the mechanical cycles. This indicates that not all the salt is homogenously embedded 
in the silicone matrix, thus favouring local removal when the mechanical deformation takes place in 





Figure 10: Thermo-gravimetric dehydration curves of mechanically aged and unaged F_Mg60 foam 
In order to better relate the effect of mechanical aging on the hydration/dehydration performance of 
the foams, the extent of salt reduction was calculated. In particular, Table 1 shows the salt content in 
all the tested samples, before and after mechanical cycling. Nominal and actual salt contents, 
according to [28] are defined as the attended and experimentally verified salt content according to 
TGA measurements. In order to identify the salt loss, the weight of each fresh and aged sample was 
recorded. Assuming that the polymeric part does not undergo any weight change, the residual salt 
content was calculated as ratio between the initial and final mass of salt.  
Table 1: Evaluation of salt content in composite foams before and after mechanical cycling  


























F_Mg40 40% 37.2% 0.47 0.44 0.173 0.149 33.7% 3.4% 
F_Mg50 50% 41.1% 0.49 0.45 0.201 0.161 35.8% 5.2% 
F_Mg60 60% 56.7% 0.56 0.45 0.318 0.211 46.5% 10.2% 
F_Mg70 70% 58.4% 0.63 0.48 0.366 0.215 45.2% 13.2% 
 
The results evidence a progressive increase in the amount of salt lost at increasing filler content in 
the foams. For F_Mg40 and F_Mg50 the salt reduction is low, since a reduction of 3.4% and 5.2% 
was measured, respectively. Instead, a significant reduction of salt content (13.2%) was observed for 
F_Mg70, indicating that the non-optimal cohesion between the constituents can have a detrimental 
effect on the dehydration performance of the material.  
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(a)       (b) 
Figure 11: 3D optical images of F_Mg60 sample before and after compressive ageing 
Figure 11 shows optical images of F_Mg60 foam, used as reference, before and after 50 cyclic 
compression test. The amount of salt hydrate in the composite foam after the mechanical aging is 
clearly reduced. Mainly some portions of salt, located in the foam bubbles, are detached from it and 
removed. As previously discussed, this salt reduction is in the range of 10% for composite foam with 
60% of filler. However, after mechanical aging (Figure 11b) the foam morphology is quite similar to 
the fresh one (Figure 11a). From a structural point of view, the silicone foam is still mechanically 
stable. No evidence of cracks can be highlighted. The cell walls are well defined and the 
interconnected cellular structure can be still identified, thus inducing the effective water vapour 
diffusion phenomena in preferential pathways. 
Nevertheless, the thermochemical and mechanical stability of the composite foam represents a 
relevant issue that needs to be investigated. Indeed, loss of the performance of the composite foams 
during time could be a limiting factor for its real scale applicability. Therefore, further studies will be 
employed to better evaluate the durability and stability of the foams in terms of hydration/dehydration 
process related to mechanical and micro-structural properties of the material, in order to effectively 
define the suitable conditions for its use in TES systems. Furthermore, the hydrothermal stability can 
provide tangible information on the applicability of the composite material for TES applications under 
real stress conditions. In this context, an activity aimed to assess the hydrothermal stability of the 





An innovative MgSO4ꞏ7H2O filled silicone composite foam was evaluated for sorption thermal 
energy storage applications. In particular, in this work, dehydration process of the composite foamed 
material at varying filler content (40-70 wt.% salt content) was investigated. 
1. Morphological analysis evidenced that the foam is constituted by an interconnected 
open/closed porous structure strictly influenced by salt filler content. At increasing filler 
content, a progressive increase in composite material density and reduction in bubble size was 
found.  
2. The thermo-gravimetric analysis, performed for all the salt-silicone foams, showed good 
dehydration performances, further confirming that the silicone matrix does not hinder the 
water vapour diffusion. 
3. Mechanical characterization, by static compression test, indicated good stability of the 
silicone cellular structure also at large deformations. However, a progressive loss of salt can 
be identified at increasing compression cycles. After 50 cycles a reduction up to 13% was 
observed. This behaviour could be ascribed to the hydrophobic behaviour of the siloxane 
matrix that limits the interaction between the matrix and the salt hydrate filler. These aspects 
were identified as potentially critical factors that needs to be better assessed -and eventually 
addressed- in order to obtain an effective durability and high water exchange of these 
structures.  
Nonetheless, the results can be considered promising and therefore the system, if accurately 
tailored, represents an interesting configuration for TES. In particular, in order to improve the 
cohesion between the composite materials constituents, siloxane matrix with lower hydrophobic 
behaviour will be investigated. This could be a potentially effective approach to increase the 
interfacial interaction between the hydrate filler and the silicone matrix allowing a more effective 
and stable composite foam under cyclic aging.  
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